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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a double-sided 
cooling semiconductor device by means of coolant that 
has simple structure and excellent radiation capability. 

SOLUTION: While a double-sided cooling semiconductor * * i w * 

■ ! — -! — n — I i 

module 1 is provide closely to a coolant tube 2 that has a 
flat contact heat reception surface and allows cooling 
fluid to flow inside via an insulating spacer, the double- 
sided cooling semiconductor module 1 is clamped by 
clamping members 6, 7, and 10 in the thickness direction 

of the double-sided cooling semiconductor module 2 by c 4 * rrr 

the coolant tube 2, thus achieving the semiconductor 
device that has the simple structure, excellent cooling 
effect, and a small amount of fluctuation in the cooling 
effect. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The refrigerant cooling type double-side-cooling semiconductor device characterized by 
providing the following A semiconductor chip or a double-side-cooling type semiconductor module the 
compression which makes the aforementioned semiconductor chip or a double-side-cooling type 
semiconductor module compress in the thickness direction of a semiconductor chip or a double-side- 
cooling type semiconductor module by the aforementioned refrigerant tube by the state where the flat 
side of the aforementioned refrigerant tube was directly made close to both the principal planes of the 
refrigerant tube with which it has a flat contact heat-receiving side, and a cooling fluid flows the interior, 
and the aforementioned semiconductor chip or a double-side-cooling type semiconductor module 
through an insulating spacer - a member 

[Claim 2] It is the refrigerant cooling type double-side-cooling semiconductor device characterized by 
having two or more cooling fluid passage divided by the internal dividing wall which the 
aforementioned refrigerant tube separates a predetermined interval mutually in a refrigerant cooling type 
double-side-cooling semiconductor device according to claim 1, and is installed in the direction of 
passage. 

[Claim 3] The ends of each aforementioned refrigerant tube which touches the aforementioned 
semiconductor chip or a double-sided thermolysis type semiconductor module in a refrigerant cooling 
type double-side-cooling semiconductor device according to claim 1 or 2, respectively are refrigerant 
cooling type double-side-cooling semiconductor devices characterized by connecting with a common 
entrance header and an outlet header, respectively. 

[Claim 4] 3 is [ a claim 1 or ] the refrigerant cooling type double-side-cooling semiconductor device 
characterized by the aforementioned refrigerant tube touching the aforementioned semiconductor chip or 
a semiconductor module through the elasticity material of right thermal conductivity in the refrigerant 
cooling type double-side-cooling semiconductor device of a publication either. 
[Claim 5] 4 is [ a claim 1 or ] the refrigerant cooling type double-side-cooling semiconductor device 
characterized by the aforementioned compression member containing a flat spring member in the 
refrigerant cooling type double-side-cooling semiconductor device of a publication either. 
[Claim 6] It is the refrigerant cooling type double-side-cooling semiconductor device characterized by 
having the presser-foot board of a claim 1 or the couple to which the aforementioned compression 
member touches [ in / the refrigerant cooling type double-side-cooling semiconductor device of a 
publication / 4 either ] the aforementioned refHgerant tube of an outside couple individually most, the 
through bolt which penetrates both the aforementioned presser-feet board, and the nut screwed on the 
aforementioned through bolt. 

[Claim 7] It is the refrigerant cooling type double-side-cooling semiconductor device characterized by 
for the aforementioned compression member having the presser-foot board of the couple which touches 
the aforementioned refrigerant tube of an outside couple individually most in a refrigerant cooling type 
double-side-cooling semiconductor device according to claim 5, forming the aforementioned flat spring 
member in the shape of a KO character, and both ends carrying out elastic energization of both the 
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aforementioned presser- feet board. 

[Claim 8] a claim 1 or either of 7 — the refrigerant cooling type double-side-cooling semiconductor 
device characterized by having the structure which arranges two or more sets of many aforementioned 
semiconductor chips or a double-side-cooling type semiconductor module, and many aforementioned 
refrigerant tubes in the aforementioned compression direction, and is compressed by the aforementioned 
compression member in the refrigerant cooling type double-side-cooling semiconductor device of a 
publication 

[Claim 9] It is the refrigerant cooling type double-side-cooling semiconductor device characterized by 
two or more aforementioned semiconductor chips or a double-sided thermolysis type semiconductor 
module constituting a three phase inverter circuit in a refrigerant cooling type double-side-cooling 
semiconductor device according to claim 5. 

[Claim 10] a claim 1 or either of 9 - the refrigerant cooling type double-side-cooling semiconductor 
device characterized by having the structure which the flat side of other exoergic parts is made close to 
the flat side by the side of the anti-semiconductor chip of the aforementioned refrigerant tube, and 
compresses the aforementioned semiconductor chip or a double-side-cooling type semiconductor 
module, the aforementioned refrigerant tube, and the aforementioned exoergic parts by the 
aforementioned compression member in the refrigerant cooling type double-side-cooling semiconductor 
device of a publication 

[Claim 1 1] For nothing and the aforementioned exoergic parts, the aforementioned semiconductor chip 
or a double-side-cooling type semiconductor module is a refrigerant cooling type double-side-cooling 
semiconductor device characterized by the bird clapper from the smoothing capacitor by which a part or 
all of a three phase inverter circuit is connected in a refrigerant cooling type double-side-cooling 
semiconductor device according to claim 10 between the positive/negative DC-power-supply edges of 
the aforementioned three phase inverter circuit. 

[Claim 12] It is the refrigerant cooling type double-side-cooling semiconductor device which is held in a 
sealing case in a refrigerant cooling type double-side-cooling semiconductor device according to claim 
3, and is characterized by having projected one edge each of the aforementioned entrance header and an 
outlet header to the aforementioned case shell exterior. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a refrigerant cooling type 

double-side-cooling semiconductor device. 

[0002] 

[Description of the Prior Art] In order to improve the cooling nature of the semiconductor module which 
has a terminal and contains a semiconductor chip, contacting the cooling member of a water cooling 
type to a semiconductor module, and cooling it is proposed. 

[0003] Moreover, the double-sided thermolysis type semiconductor module which performs thermolysis 

from both sides is proposed by JP,6-291223,A. 

[0004] 

[Problem(s) to be Solved by the Invention] It mentions above, however, by the conventional water 
cooling type semiconductor module Although it is the best for it to be necessary to aim at junction 
which was excellent in the thermal conductivity of the interior flowing-through cooling member of a 
refrigerant and semiconductor module with which water (or refrigerant) flows through in the interior, 
and to join to this the electrode (****♦*) member and the interior flowing-through cooling member of a 
refrigerant which are exposed to the principal plane of a semiconductor module with solder etc. It is 
necessary to connect the interior flowing-through cooling member of a refrigerant to refrigerating cycle 
equipment or cooling-water- flow equipment. For this reason, it is necessary to interpose the insulating 
spacer which was excellent in thermal conductivity if possible with electric insulation between the 
interior flowing-through cooling member of a refrigerant used as these refrigerating cycle equipment, 
cooling-water- flow equipment, and this potential (usually grounding potential), and the above- 
mentioned polar-zone material of a semiconductor module. 

[0005] However, since the polar-zone material of a semiconductor module and the interior flowing- 
through cooling member of a refrigerant are unjoinable if such an insulating spacer is used, it is 
necessary to force strongly the polar-zone material of these semiconductor module, and the interior 
flowing-through cooling member of a refrigerant to an insulating spacer by the uniform pressure by each 
part of a forcing side for reduction of the thermal resistance between the polar-zone material of a 
semiconductor module, and the interior flowing-through cooling member of a refrigerant. 
[0006] However, the structure which forces a semiconductor module and the interior flowing-through 
cooling member of a refrigerant by the uniform pressure strong against an insulating spacer and in this 
way caused complication of whole structure, and a suitable setup of the forcing force was not easy for it. 
That is, if the forcing force is weak, the thermal resistance between a semiconductor module and a 
cooling member will increase, refrigeration capacity will decline, and if the forcing force is too strong, 
the semiconductor chip in a semiconductor module will break. 

[0007] especially — the front face of the polar- zone material of a semiconductor module, and cooling — 
since minute irregularity, curvature, etc. which are not avoided on manufacture on the surface of a 
member exist, never, concentration of the local forcing force will not be able to be invited to a part of 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 12/12/2003 



Page 2 of 8 



direction of a field, and it will be able to push more than the forcing force in which a semiconductor chip 
can bear by this concentration part, consequently increase of thermal resistance other than this 
concentration part will be caused 

[0008] this invention is made in view of the above-mentioned trouble, and it sets it as the purpose to 
offer the refrigerant cooling type double-side-cooling semiconductor device which can do so the 
thermolysis capacity excellent in simple structure. 
[0009] • 

[Means for Solving the Problem] The refrigerant cooling type double-side-cooling semiconductor device 
according to claim 1 which attains the above-mentioned purpose A semiconductor chip or a double-side- 
cooling type semiconductor module, and the refrigerant tube with which it has a flat contact heat- 
receiving side, and a cooling fluid flows the interior, An insulating spacer is minded [ of the 
aforementioned semiconductor chip or a double-side-cooling type semiconductor module / both ] for the 
flat side of the aforementioned refrigerant tube. Or it is characterized by having the compression 
member which makes the aforementioned semiconductor chip or a double-side-cooling type 
semiconductor module compress in the thickness direction of a semiconductor chip or a double-side- 
cooling type semiconductor module by the aforementioned refrigerant tube by the state where it was 
directly made close. 

[0010] That is, this composition has adopted the composition which sandwiches a double-sided 
thermolysis type semiconductor module (or semiconductor chip) by the refrigerant tube of a couple 
through an insulating spacer, and compresses these sets by the predetermined pressure by the 
compression member. 

[001 1] If it does in this way, two flat refrigerant tubes of semiconductor module (semiconductor chip) 
both sides can be pushed against a semiconductor module (semiconductor chip) by the same pressure by 
one compression member (when area of the polar-zone material of semiconductor module 
(semiconductor chip) both sides is made equal). The cooling performance which was excellent since the 
heat of a semiconductor module (semiconductor chip) was further radiated in the refrigerant tube of both 
sides while it could push with simple structure and dispersion in a pressure could realize small 
compression structure is realizable. 

[0012] According to composition according to claim 2, in the refrigerant cooling type double-side- 
cooling semiconductor device according to claim 1, the aforementioned refrigerant tube is further 
characterized by having two or more cooling fluid passage divided by the internal dividing wall which 
separates a predetermined interval mutually and is installed in the direction of passage. 
[0013] According to this composition, press of each part of a contact heat-receiving side of a refrigerant 
tube can be regularity-ized. 

[0014] According to composition according to claim 3, it sets to a refrigerant cooling type double-side- 
cooling semiconductor device according to claim 1 or 2. further The ends of each aforementioned 
refrigerant tube which touches the aforementioned semiconductor chip or a double-sided thermolysis 
type semiconductor module, respectively According to . book composition connected to a common 
entrance header and an outlet header, respectively Reduce the temperature of the refrigerant which flows 
into each refrigerant tube, or a cooling fluid, and dispersion of a flow rate, can reduce temperature 
dispersion of each double-sided thermolysis type semiconductor module, and the cooling function of 
some each [ these ] semiconductor module falls. The fault that the maximum output of the whole circuit 
is restricted by that cause can be prevented. 

[0015] Moreover, refrigerant transportation resistance of the refrigerant pipe line seen from the 
refrigerant pump or the compressor becomes small, and can reduce the power loss which it takes. 
[0016] according to composition according to claim 4 — a claim 1 or either of 3 — in the refrigerant 
cooling type double-side-cooling semiconductor device of a publication, it is further characterized by the 
aforementioned refrigerant tube touching the aforementioned insulating spacer through the elasticity 
material of right thermal conductivity 

[0017] Since a refrigerant tube is stuck to a semiconductor chip or a semiconductor module through 
elasticity material according to this composition, though curvature, surface irregularity, etc. are in a 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 12/12/2003 



Page 3 of 8 



refrigerant tube, a refrigerant tube can deform easily locally in each part according to the above- 
mentioned compression force, it can get used to the front face of an insulating spacer, and can reduce the 
thermal resistance between these both. 

[0018] Furthermore, even if it changes the distance between the flat contact heat-receiving sides of the 
refrigerant tube which meets through the polar-zone material front face of a semiconductor module 
(semiconductor chip), it, and an elastic insulating spacer in each part of the direction of a field, these 
distance differences can be similarly reduced by local deformation of elasticity material, the thermal 
resistance between both can be reduced, and a semiconductor device with the outstanding cooling 
performance can be realized. In addition, this elasticity material may be separately produced with a 
refrigerant tube, and may be produced by one. 

[0019] According to composition according to claim 5, in the claim 1 or the refrigerant cooling type 
double-side-cooling semiconductor device of any of 4, or a publication, the aforementioned compression 
member is further characterized by including a flat spring member. 

[0020] according to this composition, while being able to acquire the fixed compression force easily, the 
desorption of a semiconductor chip or a double-sided thermolysis type semiconductor module becomes 
very easy, and workability, such as exchange, is markedly alike and improves 

[0021] A flat spring member consists of a KO character-like metal plate with which both ends carry out 
elastic energization of both the aforementioned presser-feet board in a suitable mode, thus, flat spring if 
it carries out, when a spring plate etc. is bent, for example and it can produce simply — a member — 
since the compression force can be generated in itself, whole structure becomes simple 
[0022] according to composition according to claim 6 - a claim 1 or either of 5 - in the refrigerant 
cooling type double-side-cooling semiconductor device of a publication, the aforementioned 
compression member is further characterized by having the presser-foot board of the couple which 
touches the aforementioned refrigerant tube of an outside couple individually most, the through bolt 
which penetrates both the aforementioned presser-feet board, and the nut screwed on the aforementioned 
through bolt 

[0023] According to this composition, by energization of a through bolt, the presser-foot board which is 
the rigid body can pressurize each refrigerant tube with simple compression structure at the direction 
homogeneity of a field, and can reduce dispersion in the direction of a field of the compression force. 
[0024] According to composition according to claim 7, in a refrigerant cooling type double-side-cooling 
semiconductor device according to claim 5, the aforementioned compression member has further the 
presser-foot board of the couple which touches the aforementioned refrigerant tube of an outside couple 
individually most, the aforementioned flat spring member is formed in the shape of a KO character, and 
both ends carry out elastic energization of both the aforementioned presser-feet board. 
[0025] Since according to this composition a flat spring member also has a function as supporter 
material which supports a refrigerant tube and a double-sided thermolysis type semiconductor module 
while generating the compression force only in itself, whole structure becomes simple. Moreover, both 
ends bend the KO character-like metal plate which carries out elastic energization of both the 
aforementioned presser-feet board, then a spring plate, etc., and can produce a flat spring member 
simply. 

[0026] according to composition according to claim 8 - a claim 1 or either of 7 — in the refrigerant 
cooling type double-side-cooling semiconductor device of a publication, it is further characterized by 
having the structure which arranges two or more sets of many aforementioned semiconductor chips or a 
double-side-cooling type semiconductor module, and many aforementioned refrigerant tubes in the 
aforementioned compression direction, and is compressed by the aforementioned compression member 
[0027] According to this composition, since many compression force respectively equal to the 
refrigerant tube / semiconductor module (semiconductor chip) / refrigerant tube of a set can be given 
with the compression structure (compression member) of a piece, the high current controlled 
semiconductor device which was excellent in compact and simple compression structure as a whole is 
realizable. 

[0028] According to composition according to claim 9, in a claim 1 or the refrigerant cooling type 
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double-side-cooling semiconductor device of any of 8, or a publication, two or more aforementioned 
semiconductor chips or a double-sided thermolysis type semiconductor module constitutes a three phase 
inverter circuit. 

[0029] According to this composition, dispersion in thermolysis resistance of each solid-state-switching 
element of a three phase inverter circuit is reduced, temperature dispersion between them is reduced, one 
of each of the solid-state-switching element is overheated at an early stage, and equipment is not 
downed. 

[0030] according to composition according to claim 10 - a claim 1 or either of 9 — in the refrigerant 
cooling type double-side-cooling semiconductor device of a publication, further, the flat side of other 
exoergic parts is made close to the flat side by the side of the anti-semiconductor chip of the 
aforementioned refrigerant tube, and it is characterized by having the structure which compresses the 
aforementioned semiconductor chip or a double-side-cooling type semiconductor module, the 
aforementioned refrigerant tube, and the aforementioned exoergic parts by the aforementioned 
compression member 

[0031] According to this composition, the exoergic parts of further others can also be cooled good, 
without complicating compression structure. 

[0032] Moreover, this exoergic part can achieve the function as a heat sink through a refrigerant tube to 
temporary large generation of heat of a semiconductor module (semiconductor chip), and it is still more 
convenient. 

[0033] According to composition according to claim 1 1, in the refrigerant cooling type double-side- 
cooling semiconductor device according to claim 10, the aforementioned semiconductor chip or the 
double-side-cooling type semiconductor module is further characterized by the bird clapper by nothing 
and the aforementioned exoergic parts from the smoothing capacitor by which a part or all of a three 
phase inverter circuit is connected between the positive/negative DC-power-supply edges of the 
aforementioned three phase inverter circuit. 

[0034] According to this composition, it is compact and the three phase inverter circuit apparatus 
excellent in the cooling nature of a smoothing capacitor and a semiconductor module (semiconductor 
chip) can be realized. 

[0035] Since according to composition according to claim 12 equipment was held in the sealing case 
and one edge each of the aforementioned entrance header and an outlet header is projected outside from 
the aforementioned case in the refrigerant cooling type double-side-cooling semiconductor device 
according to claim 3, in the interior of a case, there is no mechanical connection section of the 
refrigerant pipe line, and accident of simplistic [ of a semiconductor chip or a double-sided thermolysis 
type semiconductor module / the poor insulation or simplistic ] can be made for there to be nothing by 
the liquid spill from this connection section. 
[0036] 

[Embodiments of the Invention] The suitable embodiment of the refrigerant cooling type double-side- 
cooling semiconductor device of this invention is explained below with reference to a drawing. 
[0037] 

[Example 1] Drawing 1 shows the important section decomposition thickness direction cross section of 
this refrigerant cooling type double-side-cooling semiconductor device. 
(Composition of a semiconductor module) 1 is a spacer metal [ 2 / a double-side-cooling type 
semiconductor module and ] in a refrigerant tube and 3, or right thermally conductive. 
[0038] The semiconductor chip in which, as for 101a, the IGBT element was formed in the double-sided 
thermolysis type semiconductor module 1, The semiconductor chip in which, as for 101b, the fly wheel 
diode was formed, the metal heat exchanger plate to which 102 serves both as a heat sink and an 
electrode (this example emitter side), The metal heat exchanger plate to which 103 serves both as a heat 
sink and an electrode (this example collector side), The lobe in which a solder layer and 102a project to 
the semiconductor chip side of the metal heat exchanger plate 102 in 104, For the protrusion terminal 
area of the metal heat exchanger plate 103, and 105, as for a bonding wire and 8, a control-electrode 
terminal and 108 are [ 102b / the protrusion terminal area of the metal heat exchanger plate 102, and 
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103b / an electric insulating plate (insulating spacer said by this invention) and 9 ] the closure resin 
sections. 

[0039] Semiconductor chips 101a and 101b are joined in the solder layer 104 on the principal plane 
inside the metal heat exchanger plate 103, lobe 102a of the metal heat exchanger plate 102 is joined to 
the principal plane of the remainder of semiconductor chips 101a and 101b in the solder layer 104, and, 
thereby, the anode electrode side and cathode electrode side of a fly wheel diode are connected to the so- 
called reverse parallel in the collector-electrode side and emitter electrode side of IGBT. Mo and W are 
used for the metal heat exchanger plates 102 and 103. You may replace the solder layer 104 by other 
junction functional materials. 

[0040] Two lobes 102a has the difference of the thickness which absorbs the difference of the thickness 
of semiconductor chips 101a and 101b, and, thereby, the principal plane is a flat surface outside the 
metal heat exchanger plate 102. 

[0041] The closure resin section 9 consists of an epoxy resin, it is wearing the side of these metal heat 
exchanger plates 102 and 103, the mould is carried out, and, thereby, the mould of the semiconductor 
chips 101a and 101b is carried out in the closure resin section 9. However, the principal plane, i.e., a 
contact heat-receiving side, is completely exposed outside the metal heat exchanger plates 102 and 103. 
[0042] Projecting the protrusion terminal areas 102b and 103b from the closure resin section 9 to the 
method of the right among drawing 1 , two or more control-electrode terminals 105 which are the so- 
called leadframe terminals have connected the gate (control) electrode side and the control-electrode 
terminal 105 of semiconductor chip 101a with which IGBT was formed. 

[0043] Although the electric insulating plate 8 which is an insulating spacer is constituted from this 
example by the alumimium nitride film, other insulating films are sufficient as it. Although the electric 
insulating plate 8 covered the metal heat exchanger plates 102 and 103 completely and has stuck them, 
as for an electric insulating plate 8 and the metal heat exchanger plates 102 and 103, contacting may also 
be good, right heat conductive guide members, such as silicone grease, may be applied, and they may be 
joined by various methods. Moreover, an insulating layer may be formed by ceramic flame spraying 
etc., and an electric insulating plate 8 may be joined on a metal heat exchanger plate, and you may join 
or form on a refrigerant tube. 

[0044] The refrigerant tube 2 cuts the plate which drew out the aluminium alloy and was fabricated by 
the fabricating method or the extrusion-molding method to required length, and is produced. The 
thickness direction cross section of the refrigerant tube 2 has much passage 22 divided by the septum 21 
of a large number which separate a predetermined interval mutually and extend in the direction of 
passage, as shown in drawing 1 . 

[0045] Although the spacer (elasticity material as used in the field of this invention) 3 is used as elastic 
metal plates, such as a solder, in this example, it is good also as a film (film) formed in the contact 
surface of the metal heat exchanger plate 2 by application etc. The front face of this elastic spacer 3 
deforms easily by compression mentioned later, gets used to the minute irregularity of an insulating 
material 8, curvature, and the minute irregularity and the curvature of the refrigerant tube 2, and reduces 
thermal resistance. In addition, well-known right thermal-conductivity grease etc. may be applied to the 
front face of a spacer 3 etc., and a spacer 3 may be omitted. 

(Composition of a refrigerant cooling type double-side-cooling semiconductor device) The example of 
the refrigerant cooling type double-side-cooling semiconductor device using the double-sided 
thermolysis type semiconductor module mentioned above is explained below with reference to drawing 
2 and drawing 3 . Drawing 2 shows the plan which removed the lid of this semiconductor device, and 
drawing 3 shows the drawing of longitudinal section. 

[0046] For a presser-foot board and 9, as for a lid and 23, a flat spring member and 1 1 are [ the 
smoothing capacitor of the couple to which a semiconductor module and 2 were carried out for 1, and 
parallel connection of the case of end opening and 5 was mutually carried out for a refrigerant tube and 
4, and 6 / an entrance header and 24 ] an outlet header and a nut for [26/25 and ] refrigerant piping 
fixation in refrigerant piping and 27. 

[0047] The refrigerant piping 25 and 26 is being fixed to the pars basilaris ossis occipitalis of a case 4 
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with the nut, and the nose of cam of the refrigerant piping 25 and 26 penetrated the pars basilaris ossis 
occipitalis of a case 4, and has projected it caudad. 

[0048] The refrigerant piping 25 and 26 is open for free passage within a case 4 at one to the soffit of the 
hollow plate-like entrance header 23 and the outlet header 24, headers 23 and 24 were set up by the base 
of a case 4 right-angled within the case 4, and separated the predetermined interval, and has met in 
parallel. Six pairs of refrigerant tubes 2 are arranged between the opposite principal planes of both the 
headers 23 and 24. 

[0049] Each refrigerant tube 2 is arranged in parallel [ with each other ] right-angled with the principal 
plane of both the headers 23 and 24, respectively, and those ends are individually opened for free 
passage to both the headers 23 and 24, and it is joined. Each refrigerant tube 2 has a thick-plate 
configuration in the air so that it may mention later. 

[0050] A pair of same refrigerant tubes 2 and 2 pinch the double-sided thermolysis type semiconductor 
module 1, and six modules 1 which constitute a three phase inverter circuit are pinched by a pair of 
mutually different refrigerant tubes 2 and 2. 

[0051] the outside principal plane of the refrigerant tubes 2 and 2 which pinch a module 1, respectively - 
- respectively — a metal ~ monotonous ~ a shell - it presses down and a board 6 sticks - having — the 
set of these presser-feet board 6, the refrigerant tube 2, a module 1, the refrigerant tube 2, and the 
presser-foot board 6 - flat spring - it is compressed by the member 9 The presser-foot board 6 serves as 
a heat sink mass, flat spring — a member 9 has the configuration which formed the spring-steel board in 
the shape of U character, and compresses it on both sides of the above-mentioned set among both ends 
in addition, the presser-foot board 6 - omitting - flat spring - you may compress the refrigerant tube 2 
of a couple, a module 1, and the refrigerant tube 2 directly by the member 6 

[0052] The smoothing capacitor 5 had the flat configuration and has stuck the flat superficies to the back 
principal plane of a header 24. 

[0053] Each semiconductor module 1 constitutes each solid-state-switching element of a three phase 
inverter circuit, and each solid-state- switching element carries out the antiparallel connection of the one 
fly wheel diode to one IGBT element, and is constituted. One side of the semiconductor modules 1 and 
1 of each set makes the semiconductor module by the side of the high side of a single phase inverter 
circuit, and nothing and another side make the semiconductor module by the side of the high side of the 
single phase inverter circuit of the same phase. Therefore, three pairs of semiconductor modules 1 and 1 
constitute the single phase inverter circuit of U, V, and W phase, respectively. A smoothing capacitor 5 
is a smoothing capacitor connected between the positive/negative DC-power-supply edges of the above- 
mentioned three phase inverter circuit, and is for inhibiting that a switching noise is inputted into a DC- 
power-supply side through a power supply line. 

[0054] Since the amount of uniform flows and an isothermal refrigerant are supplied through the 
entrance header 23, it is compressed by the still more common compression member and the 
compression area of the compression force per unit area between each semiconductor module 1 and the 
refrigerant tube 2 which spreads abbreviation etc. is also equal, the compression force of the refrigerant 
tube 2 over the semiconductor module 1 comes to spread abbreviation etc. on each refrigerant tube 2. 
Refrigeration capacity of each semiconductor module 1 can be made almost equal these results. 
[0055] 

[Example 2] The refrigerant cooling type double-side-cooling semiconductor device of other examples 
using the module 1 shown in drawing 1 is shown in drawing 4 and drawing 5 . 
(Equipment configuration) Drawing 4 shows the plan which removed the lid of this semiconductor 
device, and drawing 5 shows the drawing of longitudinal section. 

[0056] 1 - a semiconductor module and 2 — a refrigerant tube and 4 — the case of end opening, and 5 — 
for a through bolt and 10, as for a lid and 23, a nut and 1 1 are [ a smoothing capacitor and 6 / a presser- 
foot board and 7 / an entrance header and 24 ] an outlet header and a nut for [26/25 and ] refrigerant 
piping fixation in refrigerant piping and 27 

[0057] Three pairs of flat refrigerant tubes 2 separate a predetermined interval in the thickness direction, 
and are ****(ed), and the semiconductor modules 1 and 1 of a couple are ****(ed) up and down among 
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drawing 2 among the refrigerant tubes 2 and 2 of each set. Each semiconductor module 1 constitutes 
each solid-state-switching element of a three phase inverter circuit, and each solid-state-switching 
element carries out the antiparallel connection of the one fly wheel diode to one IGBT element as 
mentioned above, and is constituted. 

[0058] A smoothing capacitor 5 is a smoothing capacitor connected between the positive/negative DC- 
power-supply edges of the above-mentioned three phase inverter circuit, and is for inhibiting that a 
switching noise is inputted into a DC-power-supply side through a power supply line. 
[0059] One side of a pair each of semiconductor modules 1 and 1 makes the semiconductor module by 
the side of the high side of a single phase inverter circuit, and nothing and another side make the 
semiconductor module by the side of the high side of the single phase inverter circuit of the same phase. 
Therefore, three pairs of semiconductor modules 1 and 1 constitute the single phase inverter circuit of U, 
V, and W phase, respectively. 

[0060] The semiconductor modules 1 and 1 of each phase are sandwiched by the refrigerant tubes 2 and 
2 as the both sides were explained to drawing 1 , and the flat cylindrical shape-like smoothing capacitor 
5 is sandwiched among the refrigerant tubes 2 and 2 with which phases differ, respectively. 
Furthermore, it presses down in the refrigerant tubes 2 and 2 of a right-and-left maximum outside, a 
board 6 is contacted, a through bolt 7 is inserted in in the direction of a laminating at the upper-limit 
section and the soffit section of both the presser-feet boards 6 and 6, respectively, and it is concluded 
with the nut 1 0. 

[0061] The conclusion force of a nut 10 is adjusted so that the compression force of the semiconductor 
module 1 by the refrigerant tubes 2 and 2 may serve as a predetermined value. That is, according to this 
example, the compression member which consists of the presser-foot board 6, a through bolt 7, and a nut 
10 has the function to set up the compression force of the semiconductor module 1 by the refrigerant 
tubes 2 and 2, and the function as a structural member which assembles, carries out and supports a three 
phase inverter circuit apparatus. 

[0062] As shown in drawing 3 , the right end of each refrigerant tube 2 is joined to the entrance header 
23, the left end is joined to the outlet header 24, and the end of the entrance header 23 has projected the 
end of the outlet header 24 caudad from the pars basilaris ossis occipitalis of a case 4 through the 
refrigerant piping 26 of a refrigerant inlet side for the refrigerant piping 25 of a refrigerant inlet side. 27 
is a nut which concludes and fixes the refrigerant piping 25 and 26 to the pars basilaris ossis occipitalis 
of a case 4. 

[0063] Since the amount of uniform flows and an isothermal refrigerant are supplied through the 
entrance header 23, it is compressed by the still more common compression member and the 
compression area of the compression force per unit area between each semiconductor module 1 and the 
refrigerant tube 2 which spreads abbreviation etc. is also equal, the compression force of the refrigerant 
tube 2 over the semiconductor module 1 comes to spread abbreviation etc. on each refrigerant tube 2. 
Refrigeration capacity of each semiconductor module 1 can be made almost equal these results. 
[0064] (Deformation mode) Even if it replaces the semiconductor module 1 of the above-mentioned 
example by the semiconductor chip, it can do the same operation effect so. 
[0065] 

[Example 3] The refrigerant cooling type double-side-cooling semiconductor device of other examples 
using the module 1 shown in drawing 1 is shown in drawing 6 and drawing 7 . 
(Equipment configuration) Drawing 6 shows the plan which removed the lid of this semiconductor 
device, and drawing 7 shows the drawing of longitudinal section. 

[0066] the flat spring which the equipment of this example considered the set of a module 1, the 
refrigerant tube 2, a smoothing capacitor 5, and the presser-foot board 6 as the same array as an example 
2, and explained this set in the example 1 — the large-sized flat spring which enlarged the member 9 — it 
is made to pinch at once by the member 90 therefore, large-sized flat spring — a member 90 consists of 
plate-like both ends 90a and 90a of the couple which is installed by it and the right angle, respectively 
and meets mutually from the both ends of central-plate section 90b of the piece arranged with a posture 
parallel to the pars basilaris ossis occipitalis of a case 4, and this central-plate section 90b 91 — large- 
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sized flat spring — it is the laesura section cut in central-plate section 90b of a member 90 

[0067] According to this example, while being able to assemble each part material still more easily, the 

compression force in which dispersion is small can be given to each part material. 



[Translation done.] 
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Abstract of JP2001 320005 

PROBLEM TO BE SOLVED: To provide a double-sided 
cooling semiconductor device by means of coolant that 
has simple structure and excellent radiation capability. 
SOLUTION: While a double-sided cooling semiconduct 
or module 1 is provide closely to a coolant tube 2 that 
has a flat contact heat reception surface and allows c 
ooling fluid to flow inside via an insulating spacer, the 
double— sided cooling semiconductor module 1 is clam 
ped by clamping members 6, 7, and 10 in the thickness 
direction of the double-sided cooling semiconductor 
module 2 by the coolant tube 2, thus achieving the s 
emiconductor device that has the simple structure, ex 
cellent cooling effect, and a small amount of fluctuati 
on in the cooling effect. 



